Introduction
============

Lamellar keratoplasty is becoming an increasingly applied surgical procedure.[@b1-opth-6-967]--[@b3-opth-6-967] The reasons are that new concepts of posterior lamellar keratoplasty (ie, Descemet's stripping endothelial keratoplasty or deep posterior lamellar keratoplasty) have been introduced and developed by Melles et al,[@b4-opth-6-967],[@b5-opth-6-967] Terry and Oustey,[@b6-opth-6-967] and Price.[@b7-opth-6-967] Furthermore, modern microkeratomes have been applied for anterior lamellar keratoplasty resulting in more predictable cutting depth and surface quality.[@b8-opth-6-967]--[@b13-opth-6-967] As the numbers of lamellar keratoplasty procedures are increasing, eye banks are increasingly asked to provide precut lamellar corneal tissue. With relative shortage of corneas,[@b14-opth-6-967] precut lamellar processing allows two lamellar grafts from one cornea. Several studies have been conducted showing the advantages and disadvantages of preserving precut donor tissue in cold storage.[@b15-opth-6-967]--[@b19-opth-6-967]

In Europe, the most commonly used storage method is organ culture.[@b20-opth-6-967] This method offers distinct advantages over cold storage such as valid assessment of the number of vital endothelial cells[@b21-opth-6-967] and control of sterility.[@b22-opth-6-967]--[@b24-opth-6-967] Moreover, it allows long storage times of more than 30 days.[@b25-opth-6-967] Disadvantages of organ culture are the high costs as well as the need of a deswelling process prior to corneal transplantation.[@b26-opth-6-967],[@b27-opth-6-967] This deswelling process is necessary given that significant corneal swelling occurs during organ culture. Deswelling is usually performed by applying a hyperosmolaric medium (ie, 5% dextran-containing medium) for an optimal time of around 32 hours.[@b28-opth-6-967]

Similar to laser-assisted in situ keratomileusis (LASIK) and other refractive techniques, the smoothness of the interface between the donor's and the recipient\'s tissue is of major importance for the visual outcome of lamellar keratoplasty.[@b29-opth-6-967] The aim of the current study is to evaluate the lamellar dissection plane quality at different stages during the deswelling process of organ cultured donor corneas.

Materials and methods
=====================

Institutional Review Board approval was obtained in January 2010.

Cornea procurement
------------------

Eight cornea pairs (16 corneas) of seropositive donors not suitable for transplantation were obtained according to the Guidelines of the European Eye Bank Association.[@b30-opth-6-967] After slit lamp evaluation was conducted to ensure that the corneas were not scarred, whole eyes were thoroughly cleansed in 0.9% NaCl solution, immersed in 5% polyvinylpyrrolidone iodine, and rinsed again with sodium chloride solution. Corneoscleral discs were removed, fixed on a cornea disc holder, and stored in 50 mL tissue culture flasks (Primaria™ Tissue Culture Flask; Falcon-Becton Dickinson Lab ware, Franklin Lakes, NJ).

Organ culture storage
---------------------

Organ culture medium consisted of Eagle's minimum essential medium with Earle's salts and 25 mM Hepes buffer (GIBCO, Glasgow, UK), containing 2% fetal calf serum, 2 mM glutamine, 100 U/mL penicillin, 0.1 mg/mL streptomycin, and 0.25 μg/mL amphotericin B. Corneas were cultured in a standard incubator at 37°C with the medium changed every 10 days. Deswelling was performed by placing the cornea discs in deswelling medium (Eagle's minimum essential medium with Earle's salts, and 25 mM Hepes buffer, which contains 2% fetal calf serum, 2 mM glutamine, 100 U/mL penicillin, 0.1 mg/ml streptomycin, 0.25 μg/mL amphotericin B, and 5% dextran 500) (distribution of mol weights: 425--575 kDA Sigma-Aldrich, Munich, Germany).

Evaluation of interface quality at different deswelling periods
---------------------------------------------------------------

After transferring the paired corneas into the deswelling medium, one was dissected after 72 hours, a duration which has been established to provide maximal deswelling.[@b28-opth-6-967] The corresponding corneas were cut at earlier time points during the deswelling process (ie, 0 hours and 48 hours). After corneal dissection, the specimens were placed back into the deswelling medium ([Figure 1](#f1-opth-6-967){ref-type="fig"}).

Lamellar preparation of donor corneas
-------------------------------------

In order to evaluate possible eye bank settings, two different types of microkeratomes were used.

### Manual microkeratome pass

For the present study, a manual-guided microkeratome (Moria ONE, Antony, France) in combination with the artificial anterior chamber system (ALTK; Moria ONE) was used. A free cap lamellar dissection was performed by operating a precalibrated microkeratome head of 350 μm. The oscillation rate was 15000 rpm. The pressure of the anterior chamber was set at 60 mmHg and controlled by tonometry (Barraquer tonometer).

Two corneas were processed at 0 hours deswelling, three at 48 hours deswelling. Corneas were processed pairwise (ie, the corresponding five corneas were cut in the same manner at 72 hours).

### Automated microkeratome pass

In a second setting, we used the AMADEUS™ 2 microkeratome in conjunction with the MOZART™ anterior chamber system (SIS Surgical Instrument Systems, Port, Switzerland). In all donor corneas, an 8.5 mm suction ring with a 350 μm cutting head was applied. The blade oscillation rate was 11000 rps and the advance rate was 1.5 mm/sec. The infusion bottle height was set at 200 cm to achieve \>60 mmHg of pressure inside the artificial anterior chamber. The pressure was measured using a Barraquer tonometer. The "free cap" modus on the microkeratome control unit was activated. After corneal dissection, the specimen was placed back into deswelling medium ([Figure 1](#f1-opth-6-967){ref-type="fig"}).

Six corneas were processed using automated pass ( variable swelling times: 0 hours \[one\] and 48 hours \[two\]). The corresponding corneas were processed at 72 hours.

Electron microscopy
-------------------

Corneal specimens for scanning electron microscopy (SEM) were postfixed in osmium tetroxide 2% (Dalton's fixative), dehydrated in ethanol, dried to the critical point, sputter-coated in gold, and photographed using a ISM-35 CF electron microscope (JEOL, Tokyo, Japan).

SEM images were acquired from the central corneal bed, and additional images of the stromal bed of the cap were taken using manually guided microkeratome. Caps of mechanically cut corneas were not evaluated due to the increased likelihood of bacterial contamination in our setting.

Assessment of corneal interface quality
---------------------------------------

### Roughness Average Score (RAS)

The central 100 X SEM image of the corneal interface was analyzed with the Scanning Probe Image Processor software (SPIP v.4.8.1; Image Metrology, Lyngby, Denmark) as published previously.[@b10-opth-6-967] In brief, this software allows for an assessment of surface smoothness by calculating the height of surfaces from the fractal dimensions. For each sample, the analysis of the surface was performed by carrying out the Roughness Average Score (RAS) function of the software.

### Individual surface roughness analysis (Individual scoring)

Individual Scoring (IS) was performed as published previously. [@b10-opth-6-967] Images were graded by three masked observers who were asked to rate the overall smoothness or roughness of the images, while noting chatter lines and tissue tags of the stromal bed. The photographs were labeled 1--9 without disclosing the group assignment, and were presented in a random order to the masked observers. Each sample was graded as follows: 1 = smoothest samples among all; 2 = next smoothest; 3 = median group; 4 = rough, but not worst; 5 = roughest samples among all. Of each sample, the mean grading from all three observers was calculated.

Statistical analysis
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences version 19.0 (SPSS, Inc., Chicago, IL). For calculation of differences in IS, a series of paired samples *t*-tests were applied because observer grading as mentioned above was based upon normal distribution. For analysis of RAS, non-parametric tests were computed.

Results
=======

Reproducibility of interface quality assessment
-----------------------------------------------

To evaluate the reproducibility of the interface assessment, both methods (RAS and IS) were compared (see [Figure 2](#f2-opth-6-967){ref-type="fig"}). Spearman's rank correlation coefficient was calculated to be r~s~ = 0.66.

Overall analysis
----------------

Overall 16 surfaces were analyzed: three obtained at 0 hours deswelling; five at 48 hours deswelling; and eight after 72 hours of deswelling. Surface roughness analysis showed a trend of smoother interface when cutting the cornea after the shortest deswelling time (0 hours) (IS and RAS analysis) (RAS 0 hours: 16.5 \[mean\], 16.1\[median\], standard deviation 1.1; RAS 48 hours: 17.4 \[mean\], 18.3 \[median\], ±2.9; RAS 72 hours: 21.0 \[mean\], 22.5 \[median\], ±6.0 ; IS 0 hours: 2.8 \[mean\], ±1.5; IS 48 hours: 2.9 \[mean\], ±0.7, IS 72 hours: 3.4 \[mean\], ±1.0) (see [Figure 3A and B](#f3-opth-6-967){ref-type="fig"}). Cutting corneas after 72 hours (longest deswelling period) resulted in the roughest surface (RAS and IS analysis); however, the difference between the groups was not statistically significant. Corneas processed after 48 hours showed a rougher surface than corneas cut before the deswelling process (0 hours) both in the IS and RAS analysis. A statistically significant difference was obtained only for IS between 0 hours and 48 hours (*t*-test for paired samples, *P* = 0.001). However, the difference of surface quality between 48 and 72 hours of deswelling was only minimal (see [Figure 3](#f3-opth-6-967){ref-type="fig"}).

Comparison of mechanic versus automated microkeratome pass
----------------------------------------------------------

All data obtained were additionally analyzed according to manual and automated dissection. There was no statistically significant difference between the two groups (Fisher's exact test).

Discussion
==========

The trend away from full thickness penetrating keratoplasty to lamellar keratoplasty and the relative shortage of donor tissue has raised the question of whether eye banks should provide precut lamellar donor tissue.[@b15-opth-6-967],[@b31-opth-6-967]--[@b33-opth-6-967] If this were realized, the anterior and posterior sections of a single cornea could be used for different recipients.

While several studies are available for precut donor material in cold storage,[@b15-opth-6-967],[@b16-opth-6-967],[@b34-opth-6-967],[@b35-opth-6-967] little is known about lamellar preparation in organ culture. In Europe, organ culture is the most common storage method for corneas.[@b20-opth-6-967] There are several advantages of organ culture including the valid assessment of cell vitality; however, a deswelling process before transplantation is needed. On the other hand, similar to LASIK, the surface quality of the transplanted corneal lamella may play an important role for the visual outcome.[@b29-opth-6-967]

We designed this study to determine what time point of microkeratome dissection during deswelling after organ culture provides the best surface quality. There was a statistically significant smoother interface upon individual scoring for corneas processed before the deswelling process as compared to corneas processed at a later time point. Although the two methods used showed good reproducibility, we failed to detect a statistically significant advantage for software processed surface analysis. This might be due to different testing of the data for statistical reasons and due to small numbers. However, both individual scoring and computerized roughness analysis methods revealed a trend of smoother interface in earlier processed corneas with no differences between manual and automated microkeratome dissection.

One possible explanation for this finding could be the anatomy of the cornea -- in the anterior stroma thin collagen lamellae run obliquely to the corneal surface.[@b36-opth-6-967],[@b37-opth-6-967] One could speculate that these lamellae are tenser in a swollen state, thus providing a better condition for dissection. Additionally, a more edematous state of the cornea leads to a larger space between the collagen fibrils therefore minimizing the number of damaged fibrils during the microkeratome pass. We believe this should result in a smoother interface.

Another reason could be the fact that small irregularities which occur during the microkeratome pass may diminish due to the volume reduction of the corneal stroma during the deswelling process.

We are aware of the fact that the limited count of investigated corneas is a weak point in our study. Statistical analysis did not show a significant difference for all data obtained, mainly due to the small numbers of corneal pairs used in the study. However, as we investigated human corneas under realistic eye bank conditions, there are only a limited amount of human corneas available to undertake such a study.

In conclusion, our findings support the notion that lamellar dissection of edematous corneas may result in a smoother cutting plane than dissection at the end of the deswelling process in organ cultured corneas. This finding should be taken into account when implementing the supply of precut lamellar corneal tissue into an eye bank setting while working with organ culture. Further studies are needed to ensure that our findings regarding the cutting plane quality goes along with equal accuracy of donor lamellar thickness.
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![Flowchart of the study design.\
**Notes:** Eight paired human corneas not suitable for transplantation were examined. While one cornea of the donor was cut after a variable deswelling time (0 hours, or 48 hours) and thereafter placed back into deswelling medium, the other cornea was processed after 72 hours of deswelling. SEM was performed after 72 hours in deswelling medium for each cornea and surface roughness of SEM images was compared thereafter by two methods.\
**Abbreviation:** SEM, scanning electron microscopy.](opth-6-967f1){#f1-opth-6-967}

![Comparison of the two methods used to interpret surface quality (IS by blinded graders and RAS using the SPIP software \[Image Metrology, Lyngby, Denmark\]).\
**Note:** There was a correlation of these two methods with Spearman's rank correlation coefficient (r^2^ = 0.66).\
**Abbreviations:** SPIP, Scanning Probe Image Processor; IS, individual score; RAS, roughness average score.](opth-6-967f2){#f2-opth-6-967}

![Analysis of surface quality of all specimens cut at 0 hours, 48 hours, and 72 hours of deswelling.\
**Notes:** Computerized analysis (RAS): **A**, mean (blue), median (red) as well as the results of three blinded graders (IS): **B** revealed a trend of smoother dissection plane of corneas processed during early deswelling (0 hours). For difference between 0 hours and 48 hours a statistically significant *P*-value (*P* \< 0.01) was calculated using paired *t*-tests.\
**Abbreviations:** RAS, roughness average score; IS, individual scoring.](opth-6-967f3){#f3-opth-6-967}
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